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Abstract 
The research deals with a composite steel and concrete slab used as a bridge deck. The main task is to ensure the 
suitable connection between two parts of composite plate – steel and concrete. Well known and widely spread are headed 
studs as the shear connectors. This work describes the behavior of the alternative shear connector especially the utilization 
of modified concrete reinforcement mesh. The concrete reinforcement mesh is suitable curved and welded on the top of the 
steel plate in some places and after that the mesh is embedded in concrete. The paper introduces the first phase of the 
investigation; the preparations for push out tests. 
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1. Introduction 
The article is focused on the preparation of the alternative shear connector experimental testing. The purpose 
of this investigation is to find another way how to ensure the suitable connection between two layers; steel and 
concrete. Widely used are headed studs or perforated shear connectors. The idea of the alternative shear 
connector is based on another way of utilization of the concrete reinforcement. The possible usage of this new 
solution is on composite decks of the road bridges which are primary loaded by traffic [1]. 
 
On principle the issue is solved on the composite bridge deck composed of the steel plate and concrete deck. 
The composite bridge can be considered as a thin steel plate (c. 10 mm thick) coupled with the thin layer of 
concrete (c. 80 mm thick). The steel plate is reinforced by the longitudinal (c. 2 m spacing) and the transversal 
stiffeners (c. 5 m spacing). The steel plate serves as a concrete form and substitutes for the low concrete 
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reinforcement bars in tension areas. On the upper part of the steel plate a modified common concrete squared 
reinforcement mesh is placed. This mesh must be bent into mild “waves”. The bends of the bars should respond 
to the bending moment diagram. The whole reinforcement mesh serves as a shear connector and as a standard 
concrete reinforcement at the same time. In case of special requirements, some additional reinforcement can be 
installed. Lastly the concrete reinforcement is embedded into the concrete layer with the thickness of 80 mm. 
The concrete deck is now coupled with the steel plate via the concrete reinforcement. 
 
As the shear connection via modified concrete reinforcement is too wide, it was decided to undertake the 
push out tests first. The samples were made smaller (due to the great dimensions of the bridge deck) to meet the 
space requirements of the experimental centre but at the same time the veracity should be kept. 
 
The paper describes manufacturing of the specimens for push out tests. The experiments are carried out in 
the Experimental Centre of the Faculty of Civil Engineering at CTU in Prague. 
2. Experimental models for push out test 
For the concrete reinforcement mesh testing as a shear connector, it is necessary to subject the push out test 
as the first phase of the investigation. This experiment represents the impact of longitudinal forces on the 
bridge deck in both layers (steel plate and concrete deck). It is necessary to undergo the experiment on the two 
same specimens with the different direction of acting forces because the concrete reinforcement mesh has 
different properties in each direction considering the “waves” on the mesh. In the Fig. 1, the assembly for the 
experiment is illustrated. 
Specimen “A“ Specimen “B“ 
 
Fig. 1. (a) Specimen “A”; (b) Specimen “B” 
389 J. Psota and T. Rotter /  Procedia Engineering  40 ( 2012 )  387 – 392 
Both specimens are practically the same in dimensions to carry out the mutual comparison of the shear 
bearing capacity of the concrete reinforcement mesh for the both directions of acting forces which are 
perpendicular to each other. The other advantage is the easy comparison with the numerical model developed 
after the experimental testing. 
 
Each specimen consists of two steel concrete composite slabs reinforced by steel stiffeners. The reason of 
two parts is the stability under the hydraulic ram by the testing. These slabs are clamped together with the U-
profiles so that the concrete parts face each other. On the concrete deck the 1 mm thin steel plate will be placed 
after the concreting. On the assembly, the outer surfaces of these thin plates will be covered by the layer of oil. 
The reason for that is to reduce the friction, respectively the interaction between the slabs. The specimens will 
be set on the I-profiles under the presser. The hydraulic ram pushes through the spread footing (which caused 
the stress uniform spreading) on the both concrete decks. This is shown in Fig. 1 as well. 
2.1. Specimens dimension 
The dimensions of one slab of the specimen “A“ are shown in Fig. 2. The specimen “B” is almost the same 
as the specimen “A” which is 90° rotated and laid down on the longitudinal side. It was required to do some 
modifications; new spacing of stiffeners, concrete deck overlapping for placing the spread footing. 
 
Fig. 2. (a) One slab of the specimen “A” 
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These dimensions of both specimens were chosen for the best predicative value of the shear connection 
resistance by respecting the requirements on the size of the assembly and hydraulic press capacity in the 
Experimental Centre of the Faculty of Civil Engineering at CTU in Prague. 
2.2. Specimen manufacturing and used materials 
One sample of the specimen is shown in the Fig. 3 before concreting. The detailed view on the bends is 
shown in Fig. 4. The fabrication has been made according to the data, see Fig. 2. 
 
 








Fig. 4. The slab of the specimen “A” before concreting - detail 
• Concrete reinforcement: 
Modified common concrete reinforcement which is curved into “waves” serves as a shear connector and 
conventional concrete reinforcement at the same time. The concrete reinforcement consists of the steel bars 
which are spot welded to each other and make the square mesh. For the reinforcement called “KARI” mesh was 
chosen the diameter of the bar 8 mm with the field of size 100x100 mm to minimize the sample dimensions 
mainly with the respect to the restricted space in the Experimental Centre. For the utilization by the real bridge, 
we suppose the bar diameter of 10 mm with the field of size 200x200 mm or higher. The size and the position 
of  “waves” will meet the real requirements (individual requirements) for the bridge deck. 
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The reinforcement mesh was prepared from the steel B500B [2], [3]. For the real bridge decks it is expected 
to use the steel of class C considering the ductility to avoid the brittle failure by dynamic effects in the bridge 
deck. 
 
The mesh is automatically spot welded from the wires. After the cutting from the large plain mesh the semi-
finished product was bent on the bending machine into desired shapes. Manufacturing and bending the 
reinforcement meshes for our experiment have been prepared in the company Feralpi Inc. in Kralupy nad 
Vltavou, the Czech Republic. 
 
•  Steel plate of the bridge deck and the concreting: 
The steel plate of the bridge deck is 10 mm thick. This matches the real dimension of the bridge deck. The 
other sizes are 510 x 900 mm for both samples. Used material is the steel 355JR. The stiffeners are welded with 
the T-fillet welds (a = 4 mm) to the bottom part of the steel plate. On the upper part of the plate the 
reinforcement mesh is welded with T-fillet welds (a = 4 mm) [3], [4] in given areas (Fig. 2, 3 and 4). The steel 
plate and the stiffeners from the flange 60 x 10 mm have been manufactured in the bridge production-plant 
Eurovia Inc. in Třebestovice, the Czech Republic. 
 
The both samples (2 + 2 bridge decks) have been transported to the Experimental Centre of the Faculty of 
Civil Engineering at CTU in Prague. The wooden formwork is prepared in the meantime and then follows the 
concreting. It will be made in the horizontal position like by the real bridge deck. Before casting it is useful to 
paint the upper part of the steel plate by the oil suspension. That will cause the reduction of the friction in the 
steel and the concrete interface so only the reinforcement mesh will participate on the shear forces transfer. The 
concrete mixture is assumed the quality C30/37. After the concreting the 1 mm thin plate will be placed on the 
green concrete. The explanation of that is in the chapter 2. 
3. Experimental execution 
The experiment is carried out in the Experimental Centre of the Faculty of Civil Engineering at CTU in 
Prague. Two statical push out tests will be done, each for one sample (two slabs) of the composite bridge deck 
according to [5]. 
 
The sample is statically loaded with graduation to the 40 % of the value of expected failure. After that the 
cycle with 5% and 40% of the expected value of the failure is repeated 25 times. Then the sample is loaded so 
that the failure comes earliest in 15 minutes. The longitudinal displacement between the concrete deck and the 
steel plate is measured through the loading process. 
4. Material experiments 
For the successful evaluation, numerical model assemblage and final conclusion we need to know the 
material characteristics of the used materials. From each concrete mixture, the samples are prepared at the same 
time as casting; at least four cubes or cylinders for concrete strength in compression. These cubes (cylinders) 
are left to harden close to the samples of bridge decks. The concrete strength fcm is set as an average value. The 
other material experiment is for findings the tensile strength and the ductility of the shear connector, the steel 
bars which compose the reinforcement mesh. The material sample (Fig. 5) is a cut out from the large 
reinforcement mesh. 
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Fig. 5. Cut out from the reinforcement mesh for the material experiment 
5. Summary 
The process of manufacturing of two samples for push out tests was described. Instead of the common used 
headed studs as shear connectors the authors propose to install the modified concrete reinforcement which 
transfers the shear forces arising on the steel-concrete interface.  
 
The experiments will be performed in spring 2012 in the Experimental Centre of the Faculty of Civil 
Engineering at CTU in Prague. The preliminary numerical models in software ABAQUS [6] of both specimens 
are done with material input values taken from Eurocodes. The calibration and the adjustment of these models 
come after the material experiments and after the successful push out tests performance. 
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